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1 

[#ltfS*<D®H] 

[«**i] asafofc-r 

TCfilt4T«3l( : ft»*ti^4< 4:* 1 oOTfll 

±E±flllO«#l'^0***#*-r*RW#»fl-*Jt 
3 U ±ET«oaS53- l"<JKDg||£±E^#S&fl-0 

|;U7t, x.£*aia]S&o 
[W**2] _LE^4< it lo©TW*^T»i, ± 

STfiowSBS-i^^^ro^ 2 j£&oT<o^s#3&#4rsa 

U |[« 2 i*4f m#«»«)Ti:ttit 4* 2 
[«**3] ^ibic. ±ETflO»i 1 £^fr¥*l**«£ 

1 ke*w>*«ii]»o 

[Hl**4] g^i*. ±IB±ffl^«:-§-tf±fflWffiS« 

tti"* »**i fcEft<a*«iatto 

^/H^t?>*t*, ft** 1 KEffiO&aElS&o 
[fl!**6l ±E*a»i2v»uSSL4v», ft**ie 

E«o*aig)»o 

[1***7] SfcK, ±E±«*itrFfll<0»«-U^/i' 

3 i*aiuE*«)* 

[flt**8] -tE4>fc< £i> loOTftiS-ttf-tfti 
IW**9] $S>K. ±K±fflJ3£tfTffl<7>g&#l^^ 

[w**i o] *»@»oiiit«*ti*ttt?*-9 
±E»2«*ff«rtK^4< t <> loom Mix-vi- 

±E^-fc < t l ^>o» 1 i OUiE* 2 StttttV 

±u» 3 imm-rz * r ? ^ t . 

±E* 3 BMMWrt tfc lo«*2**^y*- 

±.wpt£< tin i^*2**4i;-c3E*u t 
<tti owi 2 ±E4>£ <tti oo* 



2 

[W**l 1] ±E*tHa*l4, 

i -onm^s * xr±.B&tk <tu o©* 2 

-T4*f-?:/**tN 11**1 0KB«O*tt. 

[W*3U 2] ±E*a@tt»ix 
jt#*«rte4>£ < t f> l ±E*i£i± 
§ f> c, ±E* l s&S#Brt<*>A>r r £±E4>fc < 1 1 

1 o<Dif^-£ ± tf±E*J>£ < 1 1 1 oo* 1 ttRKStt 

[11**1 3] ste, 

±E^fc <nioo«2 *mi& <t tr±E» 3 g?m#jf 

±tas4**#'i**a+&^f-^'/^» 

±e»- 3 ^ i tr* 4 fit*** £Ea u -te* & < 1 1 

1 oom**l*-tlB»4»*#«©±WK»aEi-*^ 
T4r®fiS;i-S^r^7't, *-&tf, St** 1 0 KE* 

i«**i 4) ±e^*< n iooiii«itf*2i 

Hit, ±«<0*«JikT««)*Wiufl-»t^it4, «* 

a 1 0 KEttO*&o 

[«*a 1 5 ] ±b^4 <tu ooi i a ± w» 2 * 

»l±Slv»C*iSL«:v» v W**l 0UE*O*S. 
[f»** l 6 ] ±E^* <iU -so* i 

-CjUfeSft, ±E< »)Jfci»itfc**»*, ±E^*< t 

* 1 3 twEKlO^feo 

[»** 1 7 ] ±E^^ <tU o»|2 *»£JBlR1- 

-CHife^tt, ±E< »)lk*»iT.<:«*»*^ ±E^4<tt 
loO»2iWi, ±Em»*#*<0TBK&- s *ffa 
fS^M7 IC^j^-t fc*<0®ftSR^"^**I&1" * , It* 

* 1 0 i:Bt«*S. 

[ffi**l 8] iE^Wtt***^- «**l 0CB« 

im**i 9] *am®o*m^£ff^-r o 
/>^<.tt ioom*wi±»-m**<Mi*«ttr* 
±em ^ y- vfmftMLz^vj-yy-t&AT-v? 

±E» l If *3 i ir±E* Uf7 -7J|.h-C * 2 If 
* ita-t" * ^ r -y -f t , 

±E» 2 RtMfiKitif *->yr*xf-y?bs 

±E* Uh?yirtOi7f>^ ?Lfc*tJS L 

■c, iffiii simfr^ e?L* j. y f - > ^-r & ^ r ? -t 
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Jiffix y *f- y if $ *i7t?Lis J: tf* £ &JR T jfc*-*- * £ t 
CfclK A-f 7* J: £T»1 ? 
±E*2»*fl«±U»3»*fltJliSJ:O f »2^ h 

t, 

±E* 3 «t OMlE* 2 X h 7 7J1±K* 4 SI 

±E* 4 ssH-fcif rtCiiivf >^t4Xf 77t, 
±E* 2XF^lrt©x 7 f>y? it^?L^**i& L io 

±iax 9 f - > $r $ *ifc?LiJ «t tr»**JR-c**i- sit 
;W7isiu f |fl2*i!££®>£1-4*-r7:/i, 

£ ib ±e# i mw.fampw/n Twptz <nio 
*±E4>* < t i i o<o»^-i3 ± tr±E» i *iatc»a 

[«*«2 2] ±E»1 iJ J: * 2 _hE-t«J3 

ffio 30 

im*m 2. 3 ] ±tm l&tvm <r>mm*3zm t * 

St*S 1 9 KEtt^fto 
[BM2 4] ±E4?fc< tt lo©$l|«fSt 

THJSSfu ±E< »?a*nfcffi«f±, ±E4?fc< fcfc 
loOglfi^, ±E*4»*flt»<0±lBHa-«*tfiI 

■f 4/W ric»«-f 4fc»»iSfi»*uitiB-r*, tt* 

a 1 9 KEtOJtt. 

ttftSft, ±E< "9tk**i.fc«S«»i, ±E^»<4:t 

i ow^2 ma*. ±E*i«*flc«oT®Kaj:**iflj 

ill 9KE«©m 

[«*S2 6] ±E*»EE&t±, x vm* 

s--le<j>£ < t t> i oojrf-ij j: v±e* i *aiu»a 

[»#3l2 7] ±E&flNi«*#tr, W*JSl 9UEK 50 
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T, 

7 *r*tr» 1 *«#S±K* 1 #&S*it®-f 4* 
1"4*f- 77"t, 

±iea*o* i am* ± ir±E* 1 it#i±i^ » 2 
±e» 2 »*fMi±t» 2 ««« *«mi-4* r 7 7" 

±lB»2*ll^xyf>^L, tt%Og2i*i|R*?£lft 

±E«8©*2**#ltf±E*2*WWi-tK, *3 
»*fls*4-ift«1-4*T?:/i:, ±E» 2 »* 

(i. ±E*l**i:*S*Hi]Kre>*^ ±E**»** 

[i*f 2 9] ±E*»HS&ti, J: ITR* 

SMfrSfcrtU^fc <ttl ocff^^, ±E*fttt 
$e>(C ±E*l»*#«rt©^7*±Eil"fc< t 

[«t*3 0] ±E*«lHltt»±, **#aMS* J: cr** 
*IMKrt»=^* < t <> 1 ooffi^*, ±E^«l±$ 
P>IC, ±f5& 1 ttm^Jirt^M T<Do < t fc 1 

o*±Ed?*< 1 1 loc?*^-iJj:0f±E»l*«lU« 
ffi-t&XT-yyZStf. 2 8 (Cl5«c0^fe o 

[S»*«3 1] $t>K, ±CJ* 3 £ J: IF* 2 BttttJI * 
M 4l?«r < t * 1 o<7)±fe^ 1 i»«S:±E» 3 

[It*^3 2] ±Eatt<0»l*J:W f »2*ail±x ±E 

[W*« 3 3 ] ±E«»©» 1 is <t IT» 2 **atiSM L 

[»*«3 4] ±e»i »**»asi-4^f-?''/ii, < 

< »> ±e* i ±e* 2 mm®- 

m <r>±M 4 /< 4 7 jgj-f 4 £ *i> OMft§|5 
[IB*«3 5] ±E»2*»Sr^J«1-4^-f -f/tt, < 

< l)ttifrtifz®mi, ±E*2*a«r, ±E*1«*# 
^<7)Tffi^S^Wl*]-f4/NM 7tc^^-4^*bWffifig|5 

[»*JI3 6] ±E&*«4«*^tf, ffl*]S3 1 CE« 
[0 0 0 1 ] 
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mm k <t o r am s * * ^ tr*« 0 

10 0 0 2] 

[0 0 0 3] £«IqIB<±* 4Mti«Ux?fvi' 

7t*SHHI^J±x ^"7 v> (damascene) fclfplf *7*n -t 
W<;Vn-10&JSJf -tK, * 1 »#I««?^*o - 

v>«»Jl***a$*t4o »*WE**r^+a*(trenc 

«a*^-r^^a* f it«§^^o £*»±, mmm<o±m 

[0 0 0 4] ^/J^vyV • -/n-te^-Cti, ^JSI±, 

»js*»*fc*» uttcwLt, ffemmmfc-tzm 

[0 0 0 5] 

O « * ft 4 tt* # * * ^ ^ * • ^ ** U 
?5JS*7i5*-6 7ti<>UwW!BS6Srfi:«i-*i:, E&H+-V 
r =R*C 

-T^) 2o<75m^,<i^-< 7 >KC0»3g^-g-(stray coupling)i" 

^^>*,^ ot. h-^ tJi^-r-So iOEIWBI 

>*li, ffifflSfL4SI«*t*l-o»mspkUib«L, Sift 
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[0 0 0 6] dO$&fE<0§Mli> ftJft^iifcEIRH*^ 
M-y ? > x S 4 o*l@K*aftt 4 - t C i •) 

j« £ & >i t -c- & & „ 

[0 0 0 7] 

io sfcao^KJ ^m#S£ 

J;y f 2o<75||Si-^U^;K73^S&(track, Fr;^, E 

<7>4>fc< t fc-S&tt, S5£y3iam(heightwise)-f<b£*t 
U * )V <D BS& £ V ^ itfti <S>T K h Z> t Wt 

■V /•« > ^ > 7, tJMSi* S ti S o 
[0 0 0 8] &.?>fli£0iJ-c\ ^hu^;kt)«Scc»^s&<o 

ti2> 0 

[0 0 0 9] SUwHJfe^ll-C, ^mv^;vco^lSc<oMSSO 

[ooio] stcgijco^ife^jT-, ±.m&zv t Tm<o&fr 

[0 0 11] ±f0isJ;O f TffiiJ<^IH5^1' 
[0 0 12] iO»WOBUO*ifc«"P> ±1IiJ<7?gi5^^^ 

i--6o TfJWfB53-V^^W$lE&££Bl'^^n+l<0$S& 

mmu&m a * o-*^ > ? ^m \i x oxam-t *ct **t 

%°o 1 3] iO%^U : KoT:*«llB&^^dti-^'^a 

jv s ti h o $2 ftmwi rt k *** * " > ^ * 

50 4?fr< fcf>-gi5i±, ?S$*|fiJ^-f fe**l/S2O0»»l/ 
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^;Mc£Ht£>it4o 
[0 0 14] **Htt0in\ *3W«#««>fltK* h y 

[0 0 15] £<0»iBKttoT*«Ett*«i61-*:/n 

it*o *^«MBft*rtui*j& , i?"?-:'* r * 

m 3 SMCttJI £ J: t>* 2 X h -;/ •/« S it, ?L**, 
»2* h v/irtCi^t^/Siii.' » 4 
it»S*t4 0 »4R«#ifli:x?f'//Sii, 
?Lri s , #5 2 * h y W?LKW*6-f*fit«T?* 3 R« 
#irtKi7fv7$ii4. ?L* J: 
iCtCioT/Ur^J: WVttlKtt^Jft S it, JU 
$#I*JC1*S> Siifc 2 oog|5^v^;nc^tt <bit4;£S 

[0 0 16] *«E»05l!ti6:/n + ^'7i 

Sit*. iyf-v^lcJ:oT»Sit4^v>^^M{±, H 

£ix4 0 J:oT5$3it4£v>*:£IWIi, M 

**j-«-T?*«Sit» ***r^K-rfeSiifc2oo»»u 
^;wi53-it<bit4&JKU'^;i'<£>4?fc < t Sl$£?#4 0 
[0 0 17] t^Mi:«fflSii4vx?l±, <•)& 
**ifc%J****, i^>< iJ»*itfc**ii, ^-x.?>it 
4 _t« i fc TIM © ttfl- ^ ^ * O E* * , SSBfl- U * * 

Wn; ;K0_t lC & & /•vM r £ * it ?fi&Wtt Z>tztb\z 30 
ttJ8 3it4ffifttt#K»j6i-4„ 
[0 0 18] ISoT, £©S&(HKttoT3fc#Sit4«fl!r 

4 Z. t**"C# 4 0 
[0 0 19] 

i oT^$it^#<ollEtc < t oT^$it4v> < o^OH 
JtCTO»lB4r8iW«:#*-r * £ t * o T-Jf E ^tH* 
a»$it*-C*%d. 40 
[0 0 2 0] Hi 1 i^L0 3 =Sr#flgLT, *«ES&<0- 

*©^-f 72, ^M72< 3I±, LMU&t> 

Ett t TSI5 l-fifi-t 4 #*#36«0-»56*m4ltt fcfttt 
Sit4£ t ^pTfglc-r^o 0 3l±, MWT2**, 

4x.c,it&«m®<0E«ll fcTfflfcfcKi-Sfc^KSM* 
i"4£ t Zojmz-r&z. h ^^i- 0 ;M 7312, E»l 
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[0 0 2 1] ^OHM^B5LT, MOEIBi: m**©*^ 

{fc-5*»IHI&a t &l*E*lK Tfll£©'<4 712, 

±|fi] 7134-^tfC: t ^/fto L^U £<DS£^ 

tt T £> 4 <> 

[0 0 2 2] H5I±, H^^it-&^^t^<;K7)i[^cov^ 
T, E^llati, TffioSSfl-U^K*!), E^llb»i, 

A'iOi o ic1*f>Sit, -g-itlcio-CPTtfe'iE^S^: 

» h l x 2 * w ffl n^mism * it $ 4 i fc 

ffi*Sri«*S**ii:KJ:oT-tii'9 0E«M*-v/<-> 
[0 0 2 3] EI6«i, 2 ■c><DUfr\"<)V\ l zfrrthiiZ>& 

^T) t±fflcDSB^U^;tn2l-*)*E^llb(75^<om*; 
»a*a«i-A7t*«5t«)-C**o -5-it^x., 14i:#S 
itTt^M T12<05£ft^^, TlWOgf^-U^^nilC^tt 
t>it4 0 ffiftg|55-14li, TfiO<OgB^-U^;Wnilc*)»), E 
j&lla, libera tti* toit^^o 

[0 0 2 4] mm'. ffl&WHTlZff)*) *><D loti, 
TfiSOgS^W^^niCOEHllaSrilBKO Is^^O^^im 

SB^i5^«x., m^^^Ti3t r3&*»«*it 

**i»llai:<0MC«««iR*att-r4o -itir^L, 
/nMT13I±, E*llbtit»»aLT4 J: < , ^MT12 
ti, E*llaKE*»iRLr'(> J:v»„ 
[0 0 2 5] TffllJ<OniiJ J:0 f ±«On2Og|5^t-^^^* 
712£ i tfiawSfiffi^M* i ^lS^ffftti, E 
i&H * ^ v * > * K 15 ^o to-f jg^# L x. 4 
v^ 0 £*U±, ffi^6B^14iJ J: ^15**81]^ <0ffieu*»), 
EA t tffl * *> , /^70iifc t±E AOifi t |b)^ 
OftS*(>o^is-C*4. -e-ite.<0#«(i, fife 

<7?E*li:[fi]^v^-5/hSv^ffiao^a6, EM + t^v 
? >^^;^J^<oip■f ^^iSintr-^xA^-f^iv^ 
ii*Dl±, c:oiSWKJ:oT»feit4Ei»M*ir/<->^ > 

[0 0 2 6] I74^LI1 Oli, EI4&V>LH6 

'iWIB'v^^Sr^i-o B7T, V7>^l6li, 
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16t±, * b 7/g*i^fc^v^-» • ^o-feXO 

->> . yn-fe^^l±« VX^16I4, TfflOgBfrl^ 

;bniOTl-fc4l§«#S£i^>?*L»* W/ ^ 712 
K#J£+-4?L£f£tf40K&K3£o 0 

[0 0 2 7l-H8fc*i-?**18tt. TfJOgBtf-l^v 
9. i3iO f -v^^i6rti-|§:(t'btt^i<oi:[B]i:J; ; plM4 

* ? 1814, U^/Wn© ZtZt 4E*llak JiftSS^W 

<75 no * * & » > r -f & * K 

[0 0 2 8] E19i;^i-v^^20»4, JifflWgC^W^^n 
2©#*©R*llbK»JS5-*-*t£1tK** < 9 

*18fcP3*fc, vX?20l4, $2S*2£E*§tllbj3 4tf 

j. 7 f- > h tz tb K-ffiffl s ft & o 

[0 0 2 9] H10K^-rv^^23»4, ^ * * 20 i |w] £ < 
lJtt**i*:«*22**tr. < Dlk*ilfc«*22li, 
OA4 7130ft*K**I&U < !) fiE*ftfc»*24«*. W 

• •^n-b^-C, -7X^23(4, JiflOOSMfrW^rafc, ± 

o su o u ^ ^ * i h ftm-t z> mnfom * •? * > + 

• yn-b^.t?l4, -7*?23l4, ±fiOOg&#l'^Mi2*± 

[0 0 3 0] H1H4, ^h^ltlvtW^''' 
l^;v n -lo±K, «*.J«Mfc->'J av*fe«W# 

#«3(K 31i3j;r/32*#tro X b ? 7B35a*1SSt 

oO?l36£}#4<> Wflg-7^^14. H70vX?160 4 0 

«;<ffcJI34KiiT 4 b±tt)btl2>o 

[0 0 3 1 ] tfllx.tfBMfcv'J =» v^^ifm* 

»37*«*«Sft*. BMWW37I4, Htflg-7**£1£fflL 
txyf^jfSil, ««fl*37F»3K*38*»£L, *b 
7 •/JB35rtfcHK»«£ft'0»**l^6*teffl LTlt# 
S34<0*«L39S:a^i-So «HIB^**«** i8«vX 

• 180 4 9 & * 4 U*. ?L39^ 4 l/*38 
A«&«-e3CJ«Sft, L-C^MT4043 4y f Tffli]Wgi5» 
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l^^;Vni<OE«l41^S£S*tSo 

[0 0 3 2] ±16ff)&frl"<1)'miT&&+&1Z , b- ^ 
*«42* t itaSft. ^#t«fflLt*7f>/S*i 
i, £©J:}fc»rt*ft*aUi* &*-c**3ft, E& 
43*f»*o VX*14, g|9O^X*20O4 *)*9 4?ii 
£l)x.4o E$310±tc*4^M 74014, 
ft«#44fc**., £Oi£ftg&#44l4, 740ri*E&43 
KgM££ft4;r t*nTtBH-t*o 3£fta$55-44l4, TfflW 
gp^-V^;l/nilc*')> U^VniOE^Ultl^FKBJifcS 
*i4 0 PWfc, U^AtmKH!, E«I320±0E^41*^ 
^;Vn+10;M 7 tll?tt4 i t «rlTfl6U+*fift« 
«-45^IXlt^o ^i:> **««46»J:W f -€-<0«K^bf 

^■JB47*«JtaSii, iiELfc^r v^llO**^ * 

[0 0 3 3] 1112(4, iOiSCfr>>^ 1 '^ i ' :/ 

;Vn-l±H, «*#«34*»itaSft» *9f>/S^ 
3 ?L48£^J£1-*o ittf>0?L48»4, 

ft, U^;VnO^M7494r^fiS;-t2)o *»W^<^n-l(4. 

ItSi t*^-C*§^o W8g-7^^I4, H70^X^16O 
J: -5 4 Ox. -So 

[0 0 3 4] J*CIC, «*fltJi50**«t«*ft, TffilJO^ 
l/^^ni*»ffi-r4o -ftl4, llvWiffflUi 

7 f>^?ti> -ett^io-cjtsiSrW^-t^^TtBt'i- 

«o *51l4*«T3E«*ftx B«52«r»*i-*« »IB^ 
so l± x m80TX^1804 -5 •< "/"C* >3 x.*o ^ 

f-V^Sft*. «B|-7^^t4, [190-7X^2004 dft 

S*L> $SV'<fl'n2<9£*ft54«:Jfcj£1"&o 

[0 0 3 5] *OH^Lfc*aE»WJ;^lc, 
^•4443 4 0 f 45*IS^t:v^ o »*#»55***a* 

O/M 756*3^18+4. WSS^X^(4, 11100^X^23 
Oi^iH^Uio ^CH, J2J.fIOX-f--y7' : Sr^ 

[0 0 3 6] 121314, 011O&»®B&Oft#*Jfe0!l£* 
To £Oft»*««KJ:4i:, TfflniiJ 4 0-'±«Un 2 O 2 

iIJ)DOX h v-fmm~t.o T55-SS^n4o iIJPOS57 
14, iil)nO^M758i3 4 0 f 59«-«x., -ti!4, TffifloS 
^■W-^;Vnii:±1iOSP^U^^n20HOS^Cfi9ScSc*-?- 
so x.^ih*^TffiHT4 0 itiJDOA-f 75814, P^;Vn20 
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^^43 i: . U^UnO^-f 740O U^JUni^JSggB^ 
t<0F^lc*^)o iliO<SM<-f 75914, l/^JUni<0&&41 
U^JViKOSttDi-^-'^'f 7<£> U*^;Wi2<Oi£:ft£l$#45 

[0 0 3 7] in<bOiE*D<0/'f'f T LT^S^S 
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1 . Title of ! d v e q t ion 

Integrated circuit and associated fabrication process 

2 . Claims 



1. An integrated circuit comprising: 

an interconnect level comprising upper and lower 
partial levels including respective conductive lines offset 
heightwiso from each other, and respective dielectric portions 
separating adjacent conductive lines and extending above and 
below the conductive lines; 

at least one descending via connecting a conductive 
line of the upper, partial level with a lower element located 
below the dielectric portions or said interconnect: level, the 
at least one descending via extending through the dielectric 
portions separating adjacent conductive lines of the lower 

partial level; and 

at least one ascending via connecting a conductive 
line of the lower partial level with an upper element located 
above the dielectric portions of said interconnect level, said 
at loast one ascending via extending through the dielectric 
portions separating adjacent conductive lines oi the upper 
partial level. 

2. An integrated circuit according to Claim 1 , 

wherein said at least one descending via comprises a second 
descending via connecting a second conductive line of the 
lower partial level with a second lower element located below 
the dielectric portions of said interconnect level, the second 
descending via extends through the dielectric portions under 
the second conductive line. 

3 An integrated circuit according to Clair* 1 ,. 

further comprising a semiconductor substrate including the 
lower elomont. 

4 An integrated circuit according to Clain 1 . 

further comprising an upper interconnect level including the 
upper element. 
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5. An integrated circuit according to Claim 1 , 

wherein said conductive lines are divided between said upper 
and lower partial levels. 

6. An integrated circuit according to Claim 1 , 
wherein said conductive lines do not intersect each other» 

7. An integrated circuit according to Claim 1 , 
further comprising a third dielectric layer separating tho 
upper and lower partial levels, 

8 - An integrated circuit according to Claim 7 , 
wherein said at least one descending and ascending vias pass 
through said third dielectric layer. 

9 - An integrated circuit according to Claim 1 , 
further comprising a third dielectric layer and a stop layer 
adjacent said third dielectric layer separating said upper and 
lower partial levels. 
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10. A method for forming a conductive layer of an 

integrated circuit comprising the steps of; 

depositing a second dielectric layer on a first 
dieloctric layer comprising vias, 

etching at least one first trench in the second 

dielectric layer; 

filling the at least one first trench with metal to 
define at least one first conductive line; 

depositing a third dielectric layer on the at least 
one first conductive line and the second dielectric layer; 

etching at least one second trench in the third 

dielectric layer; and 

filling the at least one second trench with metal to 

define at least one second conductive line; 

the at least one second conductive line is offset 
heightwise with the at least one first conductive line so that 
at least a portion of the conductive layer is split into an 
upper conductive layer and a lower conductive layer. 

11. A method according to claim 10, wherein the 

integrated circuit comprises a semiconductor substrate and at 
least one element in the semiconductor substrate; the method 
further comprising the step of connecting the vias in the 
first dielectric layer to the at least one element and the at 
least one second conductive line. 



12. A method according to Claim 10, wherein the 

integrated circuit comprises a semiconductor substrate and at 
least one element in the semiconductor substrate; the method 
further comprising the step of connecting the vias in the first 
dielectric layer to the at least one element and the at least one 
first conductive line. 
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13. A method according to Claim 10, further 
comprising the steps of; 

depositing a fourth dielectric layer on the at Least 
one second conductive line ar.d the third dielectric layer; and 

forming vias through the third and fourth dielectric 
layers connecting the at least one first conductive line with 
an upper surface of the fourth dielectric layer. 

14. A method according to Claim 10, wherein the at 
least one first and second conductive lines are divided 
between the upper and lower conductive layers. 

15 - A method according to Claim 10, wherein the at 
least one first and second conductive lines do not intersect 
each other, 

16 - A method according to Claim 13, wherein the step 
of defining the et least one first conductive line is 
performed using a mask comprising a recessed zone 
corresponding to an extension for connecting the at least one 
first conductive line to en opposing via for contacting an 
upper surface of the fourth dielectric layer. 

17. A method according to Claim 10, wherein the step 
of defining the at least one second conductive line is 
performed using a mask comprising a recessed zone 
corresponding to an extension for connecting the at least one 
second conductive line to an opposing via for contacting a 
lower surface of the first dielectric layer. 

1S - A method according to Claim 10, wherein the 

metal comprises copper. 
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19. A method for forming a conductive layer of an 

integrated circuit comprising the steps of: 

depositing a first dielectric layer and a first stop 
layer on at least one first conductive layer; 

etching holes in the first stop layer; 

depositing a second dielectric layer on the first 
dielectric layer and the first stop layer; 

etching trenches in the second dielectric layer; 

etching holes in the firsc dielectric layer 
corresponding to the etched holes in the first stop layer; 

forming vias and first conductive lines by filling 
the etched holes and the trenches with metal; 

depositing a third dielectric layer and a second 
stop layer on the second dielectric layer; 

etching holes in the second step lay^r; 

depositing a fourth dielectric layer on the third 
dielectric layer and the second step layer; 

etching trenches in the fourth dielectric layers- 
etching holes in the third dielectric layer 
corresponding to the etched holes in the second stop layer; 
and 

forming vias and second conductive lines by filling 
the etched holes and the trenches with metal; 

the second conductive lines are offset heightwis^ 
with the one first conductive lines so that the conductive 
layer is split into an upper conductive layer and a lower 
condactivc layer . 

20. A method according to Claim 19 , wherein the 

integrated circuit comprises a semiconductor substrate and at 
least one clement in the semiconductor substrate; the method 
further comprising the step of connecting the vias in the 
first dielectric layer to the at least one element. 



4*BB 2000-164719 



21. A method according to Claim 19, wherein the? 
integrated circuit comprises a semiconductor subsccace and at 
least one element in the semiconductor substrate; the method 
further comprising the step of connecting at least one of the 
vias in the first dielectric Layer to the at leas: one element 
and a first conductive line, 

22. A method according to Claim 19, 
first and second conductive lines are divided 
upper and lower conductive layers- 



wherein the 
between the 



23. h method according to Claim 19 , wherein the 

fiist and second conductive lines do not intersect, 

24. A method according to Claim 19 , wherein the 

9tep of defining the at least one first conductive line is 
performed using a mask comprising a recessed zone 
corresponding to an extension for connecting the at least one 
first conductive line to an opposing via for contacting an 
upper surface or the fourth dielectric layer. 

25. A method according to Claim 19 , wherein the 

step of defining the at least one second conductive line is 

performed using a mask comprising a recessed zone 

corresponding to an extension for connecting the at least one 

« 

second conductive line to an opposing via for contacting a 
lower surface of the first dielectric layer. 

26. A method according to Claim 19, wherein the 
integrated circuit comprises a semiconductor substrate and at 
least one element in the semiconductor substrata; the method 
further comprising the step of connecting at least one of the 
vias in the first dielectric layer to the at least one element 
and a first conductive line. 
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27. A method according to Claim 19, vherein the 
metal comprises copper. 

28. A method for forming a conductive layer ef an 
integrated circuit comprising the Steps of: 

depositing a first conductive layer on a first 
dielectric layer including vias; 

etching the first conductive layer defining a 
plurality of first conductive lines; 

depositing a second dielectric layer on the 
plurality of first conductive lines and the first dielectric 
layer; 

depositing a second conductive layer on the second 

dielectric layer; 

etching the second conductive layer defining a 
plurality of second conductive lines; and 

depositing a third dielectric layer on the plurality 
of second conductive lines and the second dielectric layer; 

the second conductive lines are offset heightwise 
with the first conductive lines so that the conductive layer 
is split into an upper conductive layer and a lower conductive 
layer. 

29. Pi method according to Claim 28, wherein the 
integrated circuit comprises a semiconductor substrate and at 
least one element in the semiconductor substrate; the method 
further comprising the step of connecting the vias in the 
first dielectric layer to the at least one element, 

30. A method according to Claim 28 , wherein the 
integrated circuit comprises a semiconductor substrate and at 
least one element in the semiconductor substrate; the method 
further comprising the step of connecting at least one of the 
vias in the first dielectric layer to the at least one element 
and to a first conductive line. 
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31. A method according to Claim 28 1 further 

comprising the step of forming vias through the third and 
second dielectric layers connecting the at least one first 
conductive line with an upper surface of the third dielectric 
layer . 



32. A method according to Claim 31 , wherein the 
plurality of first and second conductive lines are divided 
between the upper and lower conductive layers- 

33. A method according to Claim 31 , wherein the 
plurality of first and second conductive lines do not 
intersect, 

34. A method according to Claim 31, wherein the step 
of forming the first conductive line is performed using a mask 
comprising a recessed zone corresponding to an extension for 
connecting the first conductive line to an opposing via for 
contacting an upper surface of tlie second dielectric layer. 

35. A method according to Claim 31 , wherein the 
step of forming the second conductive line is performed using 
a mask comprising a recessed rone corresponding to an 
extension for connecting the second conductive line to an . 
opposing via for contacting a lower surface of the first 
dielectric layer. 

36. a method according to Claim 31 , wherein th«a 
metal comprises copper. 

3. Detailed Description cf Invention 
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plold of the Invent: ion 
The present invention relates to the field of 
integrated circuits, and, more particularly, to an 
integrated circuit comprising a stack of conducting 
layers separated by insulating layers, and to a 
fabrication process thereof. 

Bagkyyoun fl of tha Invention 
in an integrated circuit that includes 
conducting layers separated by one or more insulating 
layers, it is necessary to establish electrical 
connections between various levels of the conducting 
layers. Typically, two conducting layers are 
electrically connected by holes provided in the 
insulating layer and filled with metal, with such a 
connection being called a via- 

The integrated circuits may be produced in a 
conventional manner by depositing and then etching a 
metal layer, and by filling the spaces exposed by the 
etching with a dielectric material. The integrated 
circuits may also be produced using a process called 
damascene, in which a first insulating layer is 
deposited on a metal layer of level n-1. The holes 
through this insulating layer are etched, the metal 
forming the via is deposited and polished to be level 
with the upper surface of the insulating layer. Then a 



2000-164719 



new insulating layer is deposited on the via o£ level n 
thus formed. The trenches forming the future lines are 
etched, and the metal forming the lines of the metal 
layer of level n is deposited. The metal is polished 
to be level with the upper surface of the insulating 
layer, etc* This process is well suited to the 
production of lines and vias made of copper since this 
material can not be etched at room temperature and has 
advantageous electrical characteristics for lines 
having a small cross section* This process can also be 
used with metals normally forming the lines and vias. 

In a double damascene process/ the metal is 
deposited both in the vias and the lines, and then 
polished. In one method of implementation, a stop 
layer, usually made o£ a nitride, is provided between 
an insulating layer of the vias and the lines. To 
obtain the final structure, there needs to be excellent 
selectivity of the etching of the oxide forming the 
insulating layer as compared with the nitride. 

To increase the density of an integrated 
circuit, attempts have been made to reduce the width of 
the metal lines and the width of the dielectric 
materials separating two metal lines. However, the 
electrical capacitance existing between two adjacent 
metal lines is inversely proportional to the distance 
separating them. By reducing this distance to increase 
the density of the circuit, the interline capacitance 
is increased. This is a problem since it results in an 
increase in the propagation constant t of the 
electrical signal in the lines: 

T » R *" C 

The variable R is the resistance of the metal 
line, and C is the interline capacitance. The stray 
coupling between two electrical signals propagating in 
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two adjacent lines, i.e., crosstalk, is also increased. 
This interline capacitance is proportional to the 
permitivity coefficient k of the dielectric material 
used, and is proportional to the lateral area of the 
lines. The tendency is to use dielectric materials 
having a low permitivity coefficient k, or to use less 
resistive conducting materials, such as copper, to 
reduce the height of the lines and the lateral area. 

However, the use of dielectric materials 
having a low permitivity coefficient and the use of 
less resistive conducting materials still cause 
integration problems in the field of integrated-circuit 
fabrication . 

finmmarv of +--h,e Invention 
An object of the present invention is to 
remedy the drawbacks of the abovementioned techniques 
by providing an integrated circuit having reduced 
interline capacitances. 

The integrated circuit comprises tracks of at 
least one metal level provided with dielectric layers 
and with metal vias connecting tracks of two adjacent 
levels. At least one part of at least one metal level 
n is split into two partial levels offset heightwise. 
The circuit comprises at least one via connecting a 
track of the upper partial level with an element lying 
below the dielectric layer of level n. This via passes 
through the dielectric layer of level n and the 
dielectric material separating the tracks of the lower 
partial level. The circuit comprises at least one via 
connecting a track of the lower partial level with a 
track of a metal level n+1. This via passes through 
the dielectric layer of level n+1 and the dielectric 
material separating the tracks of the upper partial 
level. The average distance mutually separating the 
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conducting tracks are increased and the interline 
capacitances which are inversely proportional to this 
distance are decreased. 

In one embodiment , part of the tracks of the 
metal level are divided between an upper partial level 
and a lower partial level. 

In another embodiment, part of the tracks of 
the metal level are provided without them intersecting. 

In yet another embodiment, the upper and 
lower partial levels are adjacent. 

In a further embodiment, the upper and lower 
partial levels are separated by an additional layer of 
dielectric material. 

In another embodiment of the invention, at 
least one via connecting a track of the upper partial 
level with an element lying below the dielectric layer 
of level n pass through an additional layex of 
dielectric material. At least one via connecting a 
track of the lower partial level with a track of a 
metal level n+1 pass through the additional layer of 
dielectric material. The upper and lower partial 
levels may be separated by an additional layer of 
dielectric material and by a stop layer. 

In the process for fabricating an integrated 
circuit according to the invention, a second dielectric 
layex is deposited on a first dielectric layer provided 
with vias. Trenches are etched in the second 
dielectric layer and conducting tracks are produced by 
filling the trenches with a metal. A third dielectric 
layer is deposited. Trenches are etched in the third 
dielectric layer and conducting tracks are produced by 
filling the trenches with metal. At least one part of 
the metal level thus obtained is split into two partial 
levels offset heightwise. 
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In one embodiment, a stop layer may be 
deposited before the third dielectric layer to control 
tha depth of the trenches. 

In the process for fabricating an integrated 
circuit according to the invention, a stop layer is 
deposited on a first dielectric layer and holes are 
etched in the stop layer. A second dielectric layer is 
deposited. Trenches are etched in the second 
dielectric layer, and holes are etched in the first 
dielectric layer at positions corresponding to the 
holes in the stop layer. Vias and conducting tracks 
are produced by filling the holes and the trenches with 
metal. A third dielectric layer and a second stop 
layer are deposited, and holes are etched in the second 
stop layer- A fourth dielectric layer is deposited. 
Trenches are etched in the fourth dielectric layer, and 
holes are etched in the third dielectric layer at the 
positions corresponding to the holes in the second stop 
layer- Vias and conducting tracks are produced by 
filling the holes and the trenches with metal to obtain 
at least one part of the metal level that is split into 
two partial levels offset heightwise. 

in the process for fabricating a first metal 
layer is deposited on a dielectric layer provided with 
vias, and then etched. The open spaces left by the 
etching are filled with dielectric material. A second 
metal layer is deposited and then etched. The open 
spaces left by. the etching are filled with dielectric 
material to obtain at least one part of the metal level 
that is split into two partial levels offset 
heightwise. 

The masks used for the fabrication of the 
conducting lines may include recessed zones 
corresponding to extensions used for respectively 
connecting a line of a given upper or lower partial 
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level with a via located opposite the partial level, 
under the lower partial level or on the upper partial 
level. Thus, an integrated circuit is provided which 
can be produced with very small widths of dielectric 
material between lines because of the use of the 
improved geometry according to the invention, and which 
can be fabricated using different technologies. 

Description of Preferred Embodiment 

The present invention will be more clearly 
understood on studying the detailed description o£ a 
few embodiments given by way of entirely non-limiting 
examples and illustrated by the appended drawings. 

Referring now to Figures 1 to 3, a portion of 
an integrated circuit comprises, at a given conducting 
level, a plurality of conducting lines 1 and a 
plurality of vias 2 , 3. The vias 2, 3 allow two lines 
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of adjacent and superposed conducting layers, or a line 
of a conducting layer and a portion of a semiconductor 
substrate located underneath, to be electrically 
connected together. More particularly, Figure 3 shows 
that the via 2 allows a line 1 of a given conducting 
layer to be connected with an element located there 
beneath. The vias 3 allow lines 1 to be connected to 
elements located above the conducting layer to which 
the lines 1 belong. The capacitance existing between 
two lines 1 of the same conducting level is 
proportional to the permitivity of the dielectric 
separating them and to their area facing each other, 
and inversely proportional to the distance separating 
thenu 

When referring to the following figures, the 
reference numbers of similar elements to those in 
previous figures have been increased by 10. Figure 4 
shows that the integrated circuit according to the 
invention comprises metal lines 11, descending vias 12 
and ascending vias 13. However, the invention may also 
apply to integrated circuits provided with a single 
conducting layer in which the vias are only descending, 
i.e., going down to the semiconductor substrate. 

Figure 5 shows that some of the conducting 
lines of the conducting level illustrated have been 
offset heightwise. Thus, the lines 11a lie at a lower 
partial level while Che lines lib lie at an upper 
partial level. This combination provides the same 
connections as a conventional conducting level. 
Preferably, one conducting line in two is offset in 
this way, thereby making it possible to increase the 
average distance between two lines for the largest 
number of possible lines. This reduces their interline 
capacitances by increasing the distance separating them 
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without having to modify the layout or design of the 
integrated circuit. 

Figure 6 shows the way in which the vias are 
connected upwards or downwards with respect to the 
conducting level split into two partial levels. The 
via 12 is intended to provide electrical connection 
between an element (not illustrated) lying at a lower 

level and a line lib lying at the upper 
partial level n 2 . An extension, labeled 14, of the via 

12 is therefore provided at the lower partial level 
The extension 14 lies at the lower partial level n, and 
may have the same width as the lines 11a, lib. 

Similarly, it may be seen that one of the 
vias 13 is intended to connect a line 11a of the lower 
partial level n t to an element (not illustrated) of an 
upper level. The via 13 is provided with a downward 
extension 15 lying at the upper partial level n 2 , and 
provides electrical connection between the actual via 

13 and the conducting line 11a with which the via has 
to be connected. Conversely, a via 13 may be connected 
dir ectly with a line lib while a via 12 in ay be 
Connected directly with a line 11a, 

The presence of the extensions 14 and 15 of 
the vias 12 and 13 in the lower n x and upper n 2 partial 
levels has only a alight effect on the interline 
capacitances. This is so because the extensions 14 and 
15 are at discrete locations, have the same width as a 
line, and have a length equivalent to the width of a 
via or to the width of a line. Therefore, their 
presence results only in a very small increase in the 
interline capacitances because of this small area 
presented opposite the other lines. This increase 
remains negligible compared with the reduction in the 
interline capacitances obtained by virtue of the 
invention. 
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Figures 7 to 10 illustrate the various resin 
masks used for fabricating an integrated circuit like 
the one illustrated in Figures 4 to 6 . in Figure 7, 
the mask 16 comprises a recessed zone 17 obtained, for 
example, by photoetching at the position corresponding 
to the future via 12. This mask 15 may be used in the 
case of a double-damascene process v»ith a stop layer 
for etching the stop layer on which the lower partial 
level n a will lie. In the case of a single-damascene 
process, the mask 16 will serve for etching the 
dielectric layer lying below the lower partial level n x 
of the hole corresponding to the future via 12. 

The mask la illustrated in Figfure 8 comprises 
recessed zones 19 which correspond to the positions of 
the future lines 11a of the lower partial level n lf and 
a recessed zone 17 placed in the identical manner to 
that provided in the mask 16. This is intended for the 
manufacture of the extension 14 of the via 12 still at 
the level n 1( The mask 18 is used for etching a 
dielectric layer which lies at the level n w and which 
will provide the insulation between the various lines 
11a and the extension 14 . 

The mask 20 illustrated in Figure 9 comprises 
recessed zones 21 at positions corresponding to the 
future lines lib of the upper, partial level n 2# and a 
recessed zone 22 corresponding to the position of the 
future extension 15 of the via 13 at the level n 2 . In 
the same way as the mask 18, the mask 20 is used for 
etching a dielectric layer of the level n 2r which will 
provide the electrical insulation between the various 
lines lib and the extension 15. 

The mask 23 illustrated in Figure 10 
comprises a recessed zone 22 identical to that of the 
mask 20, The recessed zone 22 corresponds to the 
position of a future via 13 and a recessed zone 24 
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corresponding to the position of another future via 13. 
In a single-damascene process, the mask 23 is used for 
etching the dielectric layer which separates the upper 
partial level n a from another conducting level lying 
above it. In a double-damascene process with a stop 
layer, the mask 10 is used for etching a stop layer 
(not illustrated) lying above the dielectric layer 
separating the upper partial level n 2 from the 
conducting level lying above it. 

Figure 11 illustrates an integrated circuit 
fabricated according to a double-damascene process with 
a stop layer „ Deposited on a conducting lovel n-1 are 
a dielectric layer 34 made of silicon oxide, for 
example, and a thin stop layer 35 made of silicon 
nitride, for example. The conducting level n-1 
comprises conducting lines 30 , 31 and 32 separated by a 
dielectric material 33 . Next, the stop layer 35 is 
etched using a resin mask to obtain three holes 36 in 
the stop layer 35. The resin mask may be of the type 
like the mask 16 in Figure 7. This etching step is 
stopped when the dielectric layer 34 is reached. 

The dielectric layer 37 made of silicon 
oxide, for example, is then deposited. The dielectric 
layer 37 is etched using a resin mask to define 
trenches 3a in the dielectric layer 37 and holes 39 in 
the dielectric layer 34 by making use of the holes 3 6 
already formed in the stop layer 35. The resin mask 
may be of the type like the mask 18 in Figure 8. Next, 
the holes 39 and the trenches 38 are filled with metal, 
and thus the vias 40 and the lines 41 of the lower 
partial level nj are formed. 

To form the upper partial level n2, a 
dielectric layer 42 is deposited and etched using a 
mask, and the trenches thus formed are filled with 
metal to obtain lines 43- The mask may be of the type 
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like the mask 20 in Figure 9. At the level n„ the via 
40 lying above the line 31 has been provided with an 
extension 44 which allows it to be connected to the 
line 43. The extension 44 lies at the lower partial 
level n x and is formed at the same time as the lines 41 
of the level n a . Likewise, at the level n 2 , an 
extension 45 is provided which allows the line 41 lying 
above the line 32 to be connected with a via of level 
n+1. Next, a dielectric layer 4 6 followed by a stop 
layer 47 is deposited and the steps described above may 
be repeated to form a conducting level n+1. This level 
may be of a conventional type on a single level, or of 
the type according to the invention, i.e., on two 

partial levels. 

Figure 12 illustrates an integrated circuit 
obtained by a single-damascene process according to the 
invention. Deposited on a conducting level n-1 is a 
dielectric layer 34 which is etched for the purpose of 
forming holes 48. These holes 48 are then filled with 
metal to form vias 49 of level n. The conducting level 
n-1 comprises conducting lines 30 to 32 separated by a 
dielectric material 33. This etching step may be 
carried out using a resin mask. The resin mask may be 
of the type like the mask 16 in Figure 7. 

A dielectric layer 50 is then deposited to 
form the lower partial level n x . This is then etched by 
using a resin mask, thereby making it possible to 
obtain trenches 51 which are then filled with metal to 
form lines 52. The resin mask may be of the type like 
the mask 18 in Figure 8. Next, a dielectric layer 53 
is deposited and etched using a resin mask. The resin 
mask may be of the type like the mask 20 in Figure 9. 
Next, the trenches thus obtained are filled with metal 
to form the conducting lines 54 of the conducting level 
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As in the case of the integrated circuit 
illustrated in the previous figure, extensions 44 and 
45 are provided. Next, a dielectric layer 55 is 
deposited and etched using a resin mask to form vias 56 
of level n+1. The resin mask may be of the type like 
the mask 23 in Figure 10. The previous steps may then 
be repeated to form the conducting level n+1, which may 
be of the conventional type or of the type split into 
two partial levels offset heightwise in accordance with 
the invention. 

Figure 13 illustrates an alternative 
embodiment of the integrated circuit in Figure 11. 
According to this alternative embodiment, the two lower 
rii a nd n 2 partial levels are separated by an additional 
layer 57 made of dielectric material and by an 
additional stop layer 60. The additional layer 57 is 
provided with additional vias 58 and 59 which makes it 
possible to provide electrical contact between the 
lower partial level n L and the upper partial level n 2 . 
The additional via 58 lies between the conducting line 
4 3 of the level n z and the extension 4 4 at the level n M 
of the via 40 at level n. The additional via 59 lies 
between the conducting line 41 of the level n x and the 
extension 45 of level n 2 of the corresponding via of 
level n*!. 

These additional vias are used for making the 
necessary electrical connections while making it 
possible to increase the distance between the various 
conducting lines, such as line 41 and 43, for example. 
By virtue of this arrangement, an even greater decrease 
in the interline capacitances is obtained. In Figures 
11 to 13, the level n-1 was regarded as a conducting 
level. However/ it could be the semiconductor 
substrate while still remaining within the scope of the 
invention. 
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By virtue of the invention, the speed 
performance of the integrated circuit is enhanced 
because of the reduction in the time constant R x C, 
where R is the resistance of a line and C is the 
interline capacitance. The interline crosstalk is also 
reduced because of the reduction in the interline 
capacitances. Interline capacitance reduction is 
achieved independently of the dielectric material used 
and independently of the height of the lines, and 
without increasing the number of interconnection levels 
in the design of the circuit- In addition, the fact 
that a given conducting level is split into two partial 
levels does not require the entire Integrated circuit 
to be redesigned, something which would be extremely 
expensive- Instead, only a modification to the pre- 
existing drawings is required to define the masks that 
are needed. 

The integrated circuit according to the 
invention can therefore be obtained using damascene 
fabrication processes regardless of the type of 
damascene process used. The integrated circuit 
according to the invention can also be obtained using 
conventional fabrication processes, i.e*, by 
photolithographic etching of a metal layer. Of course, 
an integrated circuit may be produced with only one 
conducting level according to the invention, or with 
several conducting layers according to the invention- 
It is thus possible to modify the fabrication of an 
integrated circuit already in production by producing a 
conducting level where a particular interline 
capacitance problem exists. In the case of a circuit 
fabricated in double-damascene technology with an 
additional dielectric layer, the additional dielectric 
layer and the level n z may be produced using a double- 
damascene process- This saves time and reduces the 
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coat of fabrication. It is also possible to use low- 
permitivity dielectrics and low-resistivity metals for 
the lines and the vias. 

4. Brief Description of Drawings 

Figure 1 is a top view of an integrated 
circuit according to the prior art; 

Figures 2 and 3 are respective cross- 
sectional views on sections Il-Il and Ill-Ill in Figure 
1; 

Figure 4 is a top view of an integrated 
circuit according to the present: invention; 

Figures 5 and 6 are respective cross- 
sectional views on sections V-V and VI-VI in Figure 4; 

Figures 7 to 10 are top views of the masks 
used for the fabrication of an integrated circuit 
according to the present invention; and 

Figures 11 to 13 are cross-sectional views of 
an integrated circuit according to the present 
invention. 
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FIG.4 
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FIG.7 
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FIG.11 
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FIG.12 
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The integrated circuit comprises tracks of at 
least one metal level provided with dielectric layers, 
and with metai vias connecting cracks of two adjacent 
levels. At least one part of at least one metal level 
n is split into two partial levels offset heightwise. 
The circuit comprises at least one via connecting a 
track of the upper partial level with an element lying 
below the dielectric layer of level n. This via passes 
through the dielectric layer of level n and the 
dielectric material separating the tracks of the lower 
partial level- The circuit comprises at least one via 
connecting a track of the lower partial level with a 
track of a metal level n-f 1 - This via passes through 
the dielectric layer of level n+1 and the dielectric 
material separating the tracks of the upper partial 
level. The average distance mutually separating the 
conducting tracks are increased and the interline 
capacitances which are inversely proportional to this 
distance are decreased. 

2. Representative Drawing 

Figure 6 



